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Introduction
The first model of AMR's vacuum circuit breaker, the CB-1000-450, was designed for use in mining applications. It provides a safer and more reliable circuit control system than the mechanii cal circuit breaker in use in power distribution centers. It can also be used as the belt or pump controller, replacing the mechanical circuit breaker, control contactor and overcurrent relay. Later, the CB-1000-300 and the CB-1000-600, were developed.
The CB-100 is a simplified version of the CB-1000. Currently, there are three models available. They are:
• CB-100-300, 300 amperes continuous current rating;
• CB-100-450, 450 amperes continuous current rating;
• CB-100-600, 600 amperes continuous current rating.
The vacuum breaker panel contains the following units:
• Vacuum Bottle Contactor with DC solenoid -switches three phase power to the load. • Current Limiting Fuses -limit three phase fault current and disconnect the load under extreme fault currents.
• Phase Current Transformers -monitor phase current level for thermal and magnetic trips.
• Ground Fault Current Transformer -monitors circuit for a phase conductor to ground conductor fault condition.
• Auxiliary Contacts Interface -interfaces the vacuum contactor with the circuit control unit.
• Cable Receptacle -provides three phase power to the load.
• Circuit Control Unit -consolidates in one package all of the electronic circuitry needed to monitor and control the three phase circuit.
SPECIFICATIONS AND FEATURES

A. SPECIFICATIONS
Item CB-100-300 CB-100-450 CB-100-600 
B. FEATURES
• Thermal overload protection.
• Instantaneous overload protection.
• Ground fault protection (4 Amp, 6 Amp, 12 Amp setting).
• Undervoltage protection.
• Continuous self-test (unit fault).
• Blown fuse detection and contactor bottle failure detection.
• Phase current imbalance protection (adjustable).
• Indicator lights for all faults on the front panel of the control unit.
• Remote open, close and reset.
• No external arcing.
• Extreme long life operations.
• Easily tested by Breaker Test Unit (BT-1000).
• Compact size.
• Lightweight.
DESCRIPTION
The model CB-100-300 vacuum circuit breaker is packaged on a 12 inch wide panel. The model CB-100-450 vacuum circuit breaker is packaged on a 14-1/2 inch wide panel commonly used in power distribution centers. The model CB-100-600 vacuum circuit breaker is packaged on a 17-1/2 inch wide panel. This allows for easy retrofit of a mechanical breaker panel with a vacuum breaker panel.
Custom designed packages are available.
A. Vacuum Bottle Contactor
The Vacuum Bottle Contactor provides the primary means for interrupting three phase fault currents. The unit consists of three vacuum bottle interrupters driven by a DC solenoid and insulating rod actuator assembly. Control voltage is derived from rectified 120 VAC through a diode bridge. The control line is driven on the DC side of the bridge by a solid state switch to achieve fast interrupt times.
The terminal block of the Contactor is connected to the CB-100 circuit control unit as shown in Figure 1 . Two normally open and normally closed contact modules are located on each side of the contactor and are used by the CB-100 to determine the state of the vacuum bottles. The Auxiliary Contact Interface is connected to these contacts and to the CB-100 circuit control unit as shown in Figure 1 .
The Vacuum Bottle Contactor used on each model is:
• CB-100-300, Joslyn Clark VC77U03515; • CB-100-450, Jennings RP133-2332-00; • CB-100-600, Toshiba CV212
B. Current Limiting Fuses
The Current Limiting Fuses are state of the art semiconductor protection type devices selected for their high current disconnect, high voltage rating and fast disconnect time. Bussman Semitron type SPJ-6E600 (with a voltage rating of 1000 VAC) 600 Amp current limiters with indicators are used to interrupt the circuit for fault currents of 5000 amperes to 300,000 amperes on model CB-100-300. Bussman Semitron type SPJ-6E700 (with a voltage rating of 1000 VAC) 700 Amp current limiters with indicators are used to interrupt the circuit for fault currents of 6000 amperes to 300,000 amperes on models CB-100-450 and CB-100-600. The fuses must be mounted directly to the load side tabs of the vacuum contactor with the indicators visible from the cutout window. An insulator assembly is used to isolate the fuses from each other. The fuse monitor wires (P4-21, P4-22, and P4-23 shown in Figure  1 ) should be attached to the receptacle bolts so that during fuse replacement they do not have to be disconnected.
MSHA requires that a window be installed on the front panel to allow the fuses to be viewed from outside the enclosure which contains the vacuum breaker. This is to insure the operator that the fuses are in place and have not been jumpered out.
C. Phase Current Transformers
An AMR current transformer (P/N 130-0079) is placed around each phase conductor as shown in Figure 1 . The current transformer provides an output voltage which is a linear representation of the phase current. This output voltage is applied to the circuit control unit where electronic circuitry processes the voltage. Should the phase current exceed a preset long-term average level or a short-term peak level, the electronic circuitry causes the vacuum bottle breaker to interrupt the three phase circuit and indicate an overcurrent.
D. Ground Fault Current Transformer
An AMR current transformer (P/N 130-0032) is placed around all three phase conductors as shown in Figure 1 . Since the circuit is three phase and under normal conditions currents are balanced, the ground fault current transformer provides an output when an imbalance in the three phase current exists. A phase to ground fault produces a three phase current imbalance that is detected by the transformer. The transformer output voltage is applied to the circuit control unit where electronic circuitry processes the voltage and causes the vacuum bottle breaker to interrupt the three phase circuit, and indicating a ground fault.
E. Circuit Control Unit
The circuit control unit is a removable assembly that contains all the controls, indicators, and two printed circuit boards that are necessary to control the operation of the vacuum circuit breaker. All indicators and controls are placed on the front panel for easy operator use. (See Table 1 for a description of the front panel controls and indications.)
The front panel printed circuit board assembly provides the following functions:
• This board contains the circuitry which processes the input from the various fault transducers. Phase overcurrent signals from the phase current transformers are compared with preset, thermal and magnetic trip levels. Thermal levels are set by a plug-in module on the front, while magnetic levels are established from the front panel magnetic current trip adjust. Should the over current signals exceed the preset levels, this board will send a contactor interrupt signal to the back panel printed circuit board assembly.
• Ground fault signals from the ground fault current transformer are compared with preset ground fault trip level. The trip level is set by means of the front panel ground fault trip DIP switch. It can be set as 4 Amp, 6 Amp or 7.5 Amp.
• The undervoltage condition signals are taken from the control voltage and compared with a regulated voltage. The back panel printed circuit board assembly provides the following functions:
• Converts the incoming 24VAC to 30VDC and 12VDC to power the circuit control unit's electronic circuitry.
• Contains a solid state DC switch that interrupts DC power to the vacuum bottle contactor DC solenoid when a fault signal is received from the fault detector PC board.
• Monitors the three phase current imbalance. The setting of phase current imbalance can be adjusted by R84 and R123 on this board (see Figure 2 ).
• Monitors an open fuse or frozen contactor.
• 
OPERATION
Since the vacuum bottle contactor is limited to disconnecting faults less than 6000 amperes (or 5000 amperes), coordination of the disconnect time between the vacuum bottles and the fuses is crucial to the protection of the vacuum bottles and the prevention of nuisance fuse disconnects. The CB-100 Circuit Control Unit is designed to always open the vacuum bottle contactor before the fuses open for faults below 6000 amperes (or 5000 amperes). Fault currents above 6000 amperes (or 5000 amperes) generate a disconnect time faster than the contactor disconnect time, thus protecting the vacuum contactor bottles. Figure 3, Figure 4 , and Figure 5 shows the coordination of the disconnect times between the fuses and vacuum bottle contactor for various fault currents.
Before turning the power on, the proper rating plug must be selected and installed. Set the magnetic trip adjustment to the proper level. Set the ground fault trip adjustment to the level as required.
When the power is initially turned on, some fault indicator lights may come on. By pushing the fault reset pushbutton on the front panel, all the fault indicator lights should go off if the unit is working correctly.
To prevent accidentally closing the vacuum circuit breaker, a close time delay is built into the circuit control unit. To close the vacuum circuit breaker, push and hold the close pushbutton switch for 3 seconds. Also, a "one shot circuit" is built into the circuit control unit to prevent a close switch failure. Push and hold the close switch for 3 seconds. If the breaker does not close, the close pushbutton switch must be released. Wait for 3 seconds, then again push and hold the switch for 3 seconds. Repeat again if the vacuum circuit breaker still does not close.
The CB-100 Circuit Breaker has front panel indicators to point the operator in the direction of a problem with either the power source (phase undervoltage or loss); the load (phase overcurrent, ground fault, fuse open or phase imbalance); or the circuit control unit (unit fault).
Caution
If "Fuse/Contact Failure" indicator is on, be sure to turn off the incoming power before troubleshooting.
Turn off the incoming power when checking fuses, current transformers, and vacuum contactor. American Mine Research, Inc. reserves the right to discontinue any product model at any time or with MSHA approval to change specifications or designs at any time without prior notice and without incurring any obligations thereby.
